Trialkylamine-mediated intramolecular cyclization of pent-4-enoyl chlorides was studied. Substitution with a tertiary alkyl group at the 2-position gave cyclopent-2-en-1-ones, while substitution with an aromatic group gave enol esters, which were formed by O-acylation of initially formed 3-chlorocyclopentanones with ketenes.
During our investigation on Lewis acid-catalyzed intramolecular [4ϩ2] cycloaddition of 2-allyl-3-ethoxycyclobutanones, [1] [2] [3] [4] we tried to prepare 2-allyl-3-ethoxy-2-tritylcyclobutanone 2 by [2ϩ2] cycloaddition under standard conditions of employing 2-tritylpent-4-enoyl chloride 1, ethyl vinyl ether, and triethylamine. However, the desired product 2 was not obtained, whereas a cyclopentenone 3 was obtained in 75% yield (Eq. 1).
(1) Intramolecular acylation of olefin has been conventionally carried out by Friedel-Crafts reaction of alkenyl acid chlorides by using a Lewis acid such as AlCl 3 , 5) but the observed base-promoted intramolecular cyclization has not been reported to date. We report here the scope and limitations on the present base-promoted intramolecular acylation of a carbon-carbon double bond of acid chlorides.
Investigation of reaction conditions for conversion of 1 to 3 in the absence of ethyl vinyl ether revealed that 3 was obtained in 79% yield by using 1.2 eq of ethyldiisopropylamine at 90°C for 11 h (Eq. 2). The reaction proceeded more smoothly in acetonitrile than in toluene. Carboxylic acid chloride 4 having a t-butyl group at the 2-position also gave the corresponding cyclopentenone 5 in 52% isolated yield (90°C for 3 h).
Next, cyclization of an internal alkenyl group was examined by using 2-crotyl-2-tritylacetyl chloride 6. The cyclization of 6 was found to proceed slowly, and cyclopentenone 7 was obtained in low yield (14%) (Eq. 3). It should be noted that 3-chlorocyclopentanone 8, which might be a precursor of 7, was obtained in 45% yield as a single diastereomer 7) and ketene 9 was isolated in 8% yield after preparative thin-layer chromatography on silica gel. [8] [9] [10] The isolation of 8 and 9 suggests that an internal alkyl group retards the intramolecular cyclization due to its steric effect.
On the other hand, reaction of carboxylic acid chloride 10 bearing a phenyl group at the 2-position did not give the expected cyclopentenone 11, whereas an enol ester 12 was obtained in 74% yield as a mixture of diastereomers (drϭ 54 : 46) (Eq. 4). (4) Effects of substituents on the aryl group of 2-arylpent-4-enoyl chlorides 13 were then investigated to clarify the scope and limitations of the formation of a novel dimerization product 14 (Table 1) . Substitution of a p-chloro group gave enol ester 14a in 59% yield (entry 1) while enol esters 14b, c bearing p-methyl and p-methoxy groups, which were found to be hydrolyzed more easily during purification by column chromatography on silica gel, were obtained in moderate to low yields (entries 2, 3). Thus, substitution of the aryl group with an electron-withdrawing group gave enol esters 14 more efficiently partly because of the increased stability of 14 against hydrolysis.
11)
Methanolysis of the obtained enol ester 14a in the presence of an equimolar amount of 4-(dimethylamino)pyridine (DMAP) gave methyl ester 15 and cyclopentenone 16 in 90% and 64% yields, respectively (Eq. 5). (5) Chem. Pharm. Bull. 58(4) 591-592 (2010) © 2010 Pharmaceutical Society of Japan * To whom correspondence should be addressed. e-mail: jimatsuo@p.kanazawa-u.ac.jp A proposed mechanism for the present amine-mediated intramolecular cyclization is shown in Chart 1. Treatment of carboxylic acid chloride 17 with trialkylamine gives ketene 18, and intramolecular attack of the alkenyl group to the ketene carbonyl group which is activated by ammonium ion 12) gives 3-chloropentanone 20 via a transition state 19.
13)
When R is an alkyl group, dehydrochlorination with a base proceeds to give cyclopentenone 21. The presence of an aryl group as R makes ketone 20 more enolizable, and enol ester 22 is formed by O-acylation of 20 with ketene 18. In summary, we have found that treatment of pent-4-enoyl chlorides with trialkylamine gave intramolecular cyclized products. The structure of products strongly depended on the substituent at the 2-position: a tertiary alkyl group 14) gave cyclopentenones, whereas an aryl group gave enol esters. The present study gives new aspects in the chemistry of allyl ketenes. 15, 16) Acknowledgments This study was financially supported by a SUNBOR grant and a Grant-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology, Japan.
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